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Mettiods 

5 I'echfucai rJ«id 

The invention relates to live, whole cell assays for detecting Ca^* Influx using 3 
detectable reporter, particularly a fluorij^oen*. roportor. Tho met!\.:^dr. irn useful 
for detection of compounds that modulate cabium influx and can be pcrfor 
10 in high throughput screening format. 

Background to the Invenfion 

Calcium influx into the cell from the extracellular medium is vita! for prooeBses 
IS such as muscle contraction, secretion and gene activation. Caiciurn irifiux is 
mediated via calcium influx channels v/hich can bo divided into Va'o jr : ,:;::? yr. 

non-voltage gated calcium permeable cnldum channels. C^lcfiim in*^"x r'^n 
stimulated or inhibited by factors that act on the calcium ion channel directly, or 
20 indirectly where modulation of a receptor results in signal that • n ^ 
calcium ion channel. 

ion channels play an important role in numerous cell types and occur as large 
families of related genes. Ion channels, such as store-operated calcium 

25 channels, receptor-operated and voltage-gated calcium channels are important 
selecfive tissue-specific tarigets for drug discovery. Currently more than a 
dozen ion channel drugs are marketed for the treatment of cardiovascular 
disease, diabetes, epilepsy and pain. Thus, there is interest in developing cell- 
based assays for screening compounds that modulate the activity of Ion 

30 channels and receptors associated wrth ion channels 
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With the damand for screening large compound collections against an 
increasing number of therapeutic targets, there is a demand for Improved 
assays, especially cell based assays and for such assays in automated, high 
thiougliput formats. 

_ 

The technology currently employed for kn chann-jl coreoning ir.cl!.: :!•::, bi:..;i,- 
assays, fluorometrlc imaging and voltage sensing. 

Whole ceil functional assays are known for i:!:r'";r:-::;!:.:!n cT coi^v--." ■ ■ 
10 at placma membrane Ion channsis cr rc-jptc" (cu:!-. as G prct^in ecu;::::: 
receptors (GPCR)) and trigger calcium Ii.P.:.a. V;.u . ..^id inu:o^c.j in 
calcium concentration triggered by st;mulation of these ion channels and 
receptors is detected using intracellular culcium probes; known probi5S itici-j-Ja 
fluorescent dyes, or calcium-binding proteins. To detect the rapid, transient 
15 changes in intracellular calclLtm con-sn^frjiion on ^'-nt.itatfr^n, c, cal'^'n-n ip". - 
stimulus is provided to cells and a change in fiuuiescence oi iumintfscenct* fiom 
tl'ia calciun-. prata U dctc-cteJ. A prcb:- VJ: . l .v. ; ; 

high throughput systems. 

20 

There have been attempts to delay orproion^j the cr,;cium signallins rccpi-.ns- 
to provide a greater temporal window for detection of calcium Influx. One 
approach to prolong the calcium signalling response is described In US 
6,514,709 In which an intracellular calcium chelating agent 1,2-bis(o- 
25 amInophenoxy)elhane-N.N.N'.N'-tetraacetlc acid tetra(aoetoxymethyl)ester 
(BAPTA-AM) was used to alter the kinetics of calcium signalling and delay or 
prolong the calcium signalling response. 



A further problem is that assay rttethods using fluorescent Ca^* dyes in ceU lines 
expressing 9 Ca^* channel of Interest are not generally suitable for targeting to 
a specific sub-cellular compartment of interest, e.g. under the plasma 
membrane. The dyes are generally freely diffusible and give only a global 
indication of a Ca*" change. Ca^* dyes must be loaded Into the cells, this can 
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be done fairly consistently, but is inherently prone to differences between 
experiments. Generally, dyes do not report restricted spatial Ca^"^ signals, e.g. 
extracellular Ca^* influx induced by channel opening. 

5 Another drawback of present assay mcthodo b ll^ot in^'acuJlLbr a^'-jn*.: \:: : 
detect calcium nvay 'duverseJy Zu^sA ^^i^ '^Jr,.. .[ /«r c; '..r L / 

buffering cytosolic calcium signals, and so the zzz^y rr-ethoda may not provide 
a true reflection of cellular events following calcium influx. 

The proteins RASAL and CAPRI (calcium jiromotod hCJCt'vatcr) h--s h 
reported to be sensitive to increases in introcelit'lar r-^Jcium due J-o ATP 

15 stimtilation of c^jijoi'im release from '■ • .n-^'r.: - !/^;i, !t ?-'-:;r->. ! ■--''•■.-i 
cells RASAL and CAPRI Is cytosolic and i.-.^ctive. F J*o--^i:)a AT? .VJ - . 



20 CAPRI Is a member of the human GAP1 family of Ras GA^j (GAi'i""'^^. 
GAPI*", RASAL). Ras ooerates as a binary molecular sw^toh, cycllnn between 
an inactive GDP-i>ound form and an active GTP-bound form at the plasma 
membrane or other intracelkiiar membranes such as ttie cytosolic lace of tlie 
Golgi. The intrinsic GDP/GTP exchange and GTPase activHV of Ras is slow, 

25 therefore control of GTPase citing is modulated by guanine nucleotide 
exchange factors <GEF8> that promote the active GTP-foound state, and 
GTPase-acHvatlng proteins (GAPs) that promote the inactive GDP-bound stale. 

Activated CAPRI inhibits the l^as/mltogen-acMvated protein idnase (IWIAPK) 
30 pathway by enhancing ttie intrinsic GTPase activity of Ras, resulting in 
deactivation of Ras. Analysis of the spatio-temporal dynamics of CAPRI and 
RASAL indicates fliat calcium regulates Ras by a fast C2 domain-dependent 
transiocatton mechanism. Anal^is was carried out in a whole ceil assays in 
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which RASAL, CAPRI and CAPRI mutants tagged with a green fluorescent 
protein (GFP) were expressed. ATP-induced release of calcium ions from the 
intracellular store induced a rapid translocation of RASAL and CAPRI to the 
plasma membrane and activation of CAPRI. This recruitment of RASAL and 

The human GAP1 Ras QAPs have a similar domain structure comprising of 
tandem C2 domains (C2A and C2B). a a=^ntrol GAP-rela^sd dom^tn (GRD) 
10 contiquous with a pleckstrin homology domain (PH domain) and Tec kinase 
homolooy domain (TH) near the C-torm?-^'!?: ^F'^Mro -ty w;fhin t^<^ hH»^-vn 
GAP1 family, RASAL [3] is most closely relotod to CAPRI with 50% it! -tity 
the primary amino acid sequence level. 



1 5 P*nitcm*rtt of "nv^ntson 



The present invention provides a method for deteotino influx of calcium ions into 

reporter capable of translocation from the cylosoi to associate with the plasma 

20 rrK3fr;brane in response to L\n infiuK" r-.f ---'-^-j^-^, .-j^ . . i ... ... 

the detectable reporter within the cell. 

The present invention provides a method for detecting influx of calcium ions into 
a eukaryotic cell comprising providing a eukaryotic cell having a detectable 
25 reporter capable of translocation from the cytosol to associate with the plasma 
membrane in response to an influx of calcium Ions, and, monitoring association 
of the detectable reporter with the plasma membrane and/or a change In 
amount of delectable reporter in the cytosol. 



30 Both CAPRI and RASAL are Ca2+-triggered Ras GAPs, they are located in the 
cytosol and are Inactive in resting ceils. An elevation in intracellular Ca^* 
induces a rapid translocation of I^ASAL and CAPRI to the plasma membrane. 
This Is mediated by tandem C2 domains (C2A C2B) that are imown to be 
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required for co-operative Ca^Vphospholipld-binding In other C2 domain Ca^* 
sen&or proteins. 

AH known C2 domain containing Ca^* sensors that do not constttutive'y 

oscillations. Thus, RASAL and conventional protein kin?5se Cs (PKC-*^) oj^ci?!^^^ 
on and off the membrane in concert with repetitive Ca^^ (and diacyV;;j!yct"^rol in 
ihe c-^so of PKG) signals. A major driver of r?ornp--?x o?.ciV--t]onr. jp r-^^-y ^-^-""i 
10 so-called Ca^'^-induced Ca^* release (CICR), a rep^^titivcs release of Crr' ff.i*: 

Wh'^n intracellular stores are depleted C.-^^*^ is released into the cv'^nno! ^'lere 
IS a retrograde signal to the plasma membrane to open Ca^* chanr.sis at the 
15 cell surface, so-called cap?>citative or st'^re- '>nernt<^d C^'^'^ enfr' (SOCE) calcium 
InfKJX. This source of Ca""" helps to r^plenl'^h th/j ;nt:--:>^'V!!ar - • - 
maintain CICR. In addition, ther^ are r^^ceptor-^operjited Ca^^ influx 

concert with, or in the absence of SOCE, in a stimulus- and cell type-specific 

lymphocytes, excitable cells and some secretory cells. 

It has now been found that RASAL and CAPRi are differentially tuned to Ca^^ 
signals. RASAL preferentiaHy senses intracellular Ca^-^ release, can osdllate 

25 between the cytosol and membrane In concert with complex Ca^*^ signals^ and 
therefore behaves as a fnequency-moduiated Ca2+ sensor. In contrast, CAPRI 
preferentially senses Ca2+ Influx, is refractory to cytosoHc Ca2+ oscillations, 
and therefore behaves like an analogue Ca2+ sensor of sustained Ca^* influx. 
Unlike all other known translocation sensors' of Ca^* signals, CAPRI does not 

30 sense oscillations of intracellular free Ca^*. Instead, CAPRI senses SOCE and 
Is maintained at the plasma membrane for as long as SOCE occurSp even in the 
presence of repetitive changes in c>tosolic Ca^* levels such as baseline spiking 
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and sinusoidal oscillations. Translocation of a CAPRI reporter from the cylosol 
to the plasma membrane and maintenance at that location indicates that Ca^* 
influx, specifically, is occuninfl. 



Translocation of CAPRI to the plasrna nior.-.brnne is due to Its' prof:3r:?iit;aI 
sensitivity io calcium ipHux rather lh-:n v^^-i^^r: c?I.;.'»irri f'-^-rn '^--^ 
10 calcium store as iniUaJiy lliouglit. CAr III ar j CAPPJ c: ^rivLjlivdC cr.n : 
CcJclum influx sp^of?-: reporters -T-'^f'*' i^-^^,, nT:-*^.*^ri<5 ^^.f^^*;^^ 
calcium influx into eukaryotic ceils. 

In methods of the invention, rt is prof^rrsd th^t tha detectable reporter is or 
15 comprises CAPRI, or a dsriv^tlve ther^^f h c^jpable of +ran'5?'?'5?^f"'^*> to 



particular to detect compounds that modulate calcium ion channels or that 

invention Incliides methods for Identffying compounds that specfficaify interact 
with receptor polypeptides. Compounds that interact with a receptor can 
stimulate or inhibit the activity of a receptor. The temi compounds as used 
herein includes chemically synthesised molecules and includes biological 
molecules such as proteins and peptides. 

The present invention provides method for identifying a compound capable of 
modulating influx of calcium ions into a eukaryotic cell oomprising: 

(a) providing a eukaryotic cell having a detectable reporter capable of 
translocation from the cytosol to associate vtfith the plasma membrane In 
response to an influx of calcium ions, 

(b) Incubating the cell with a test compound, then 

(c) providing a stimulus for calcium ion influx, and. 
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(d) monitoring a5$ociafion of the detectable reporter with the plasma 
membrane and/or a decrease In the detectable reporter in the cytosol. 

In this aspect of the invention the cell is mcubated with the test compound 



Also provided is a method for id^inUfyirv^ a compound cpnabl-^ of rr ~ 
influx of calcium Ions Into a eukaryofic cgII nr^rr.^KirJns: 



(b) providing a stimulus for calcjum \oi) h)T.\. \ 

(c) incubating the cell with a test compourKi, 

(d> monitoring dissociation of the dctoctnblo reporter with the plasn'ia 



In this aspect of the invention, calcium influx into the cell is stimulated and then 



compound during calcium ion influx and tt'*e rats of diGsociation of t[is r*?port'5^r 



the text compound is assessed. 

A compound capable of modulating influx of calcium ions is a compound that 
alters the behaviour of an ion channel or receptor and is also tenned a 
25 modulator, a modulator may be an antagonist, inhibitor or blocker that, directly 
or indirectly, decreases calcium Influx through an Ion channel. Alternatively the 
modulator can be an agonist or stimulator that, directly or indirectly, increases 
calcium influx through a calcium ion channel. 

30 As used herein, an "agonist" is a molecule that stimulates an activity of an iorn 
channel or receptor; an "antagonist'" is a molecule that inhibfts or interferes with 
the activation of an Ion channel or receptor. An "inhibitor" or "blocker" Is a 



(a) pre V Wing z ^i' 





15 



membrane and/or an increase m detoc^.^b\e r'?*^or*'^r ?n th^ cy^^^or^l 
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molecule prevents or reduces the opening of an ion channel or activation of a 
receptor 

The stimulus for calcium influx used In a method of the invention can be a 
«t1rnrfriir> nr nnmhiri.'Sttten of stfmulf fr^r r?=»Wf im Infltfv fh« oflmrFftfc^ r-^n K^* nn^ nt 

(a) agonist-evokod intracellular calcriirn ro^—^^ from :rtt.raco!!i:;or rfc.^^-^ 

which indirectly stimulates calcium W\uy thrr>ft-h ?^OC«^, 
fh) ^c|on!'^>t-evnk°d intracellular calrfum r^'^-^r-o fr^m •n^^ro<^o.H! ,inr ci^ow 

which rtimiil^^tes c-^^teium influx throM**'"i r^r-'ii- v' n?o/"v^. "- 
(d) chemical treatment leading to store rf^l^-'^e th^t antiv^it^?: "^OCE. ^.^ 

using the Ca^* pump inhibitor thaps?g-irgin. 
^e)?5n intracellular Hgandf that agontees ^ «^Rronrf mi=?t-<,^nn«r-onor;^f*;„i 
plasma membrane Ca^* channel 

(f) an agent or oonditfons that cause depolarisation thereby opening a 

(g) a stretch stimulus that opens a rnecnHfio-.7.rinsK;ve cii- ..ncti. 

family channel, 
(0 an agonist that opens a receptor-operated channel, 
0) an extracellular Hgand that opens a llgand-gated channel, 
(k) an intfacellular or extracellular pH change that opens a redox-sensitive 
25 channel, 

(I) a change in osmolarrty that opens an osmolarity-sensitive channel. 



p. 13 



15 



A G pfotelrt-coupled teoeplor such as a purfnergic receptor can be stimulated 
using ATP. this causes Ca^" release from internal stores which eventually 
30 triggers a signal for calciunn influx (SOCE). Calcium ion channels can be 
opened by changes in lipid metabolism after phospholipase C activity induced 
by a GPCR or by the products of phospholipase C activity such as 
diaoylglyoerol (DAC). DAG has been shown to activate channels directly 
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(TRPC3 and TRPC6) or through products of its breakdown, po!y-unsaturatecl 
fiatty acid metabolites such as arachidonic acid or linoleic acid <TRPL). TRPV 
channels can be activated using mechanical and physical stimuli such as low 

pH, heat and osmotic stress nnd Ils^nnds svch crtpp^iHn ^.nH ^n^ri^rn'^r^fi^ 

f^xtracsllular arachidonic acid thronjh ^:nkp,o'-'^'r\ nh-?nr--^^!r, (tint 'V""^-y h-^ TP.r 
chsnnelo) termed ar^ohldonate'r^giMr.tT-i Ci^^* o'^.^nno'^ (AP^^-). C^^r""'*"^-" 
oUv3r thnn thspsigargin that inhibrt C3^* pi.Jrr^pr. '--^f'r^- '/^ 1;^^ c^f 

Tha invention includes a method for idcnlTyhg cor^-^p-vr-i l!-:* ^nor-'^'f?*"^?. 
calcium ion influx comprising: 

transbcntion from the cvtosot to 3':^'^'-n'-^s " -'---n-- 

in response to an influx of calcium ion$, 

reporter from cytosol white 

(fi) Introducing a test compound to the incubation mixture, and, 
(c) comparing the association of the reporter wilh the uiedibrane in the 
presence of the test compound with the association of the reporter with 
the membrane in the absence of the teat compound, 
wherein a change in the association of the reporter with the membrane in the 
presence of the test compound indicates that the test compound modulates 
calcium influx. 

In this aspect of the Invention, cafdum influx into the cell is stimulated and then 
30 the cell fs exposed to the test compound. In a preferred embodiment, the oell Is 
exposed to the test compound during calcium ion influx and the rate of 
dissociation of the reporter from ihe membrane verses the rate observed In a 
control cell(s) not exposed to the texi compound is assessed. 



25 
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The present Invention provides methods useful as assays for identification of 
compounds that are receptor inhibitors (antagonists) or agonists. 

<a) providing a eukaryotic cell havfrg a d:.!\?cfab!^jj roporbir of 
translocation from the c^^'fosol ta r;crocj::V3 with thrs; 
membrane In re^iponse to an tnflux cf cc' y.'rv, 'i^nn, 

(!: ) . '"'^ " '-^'z' ;n 2f j r ' - *t - - • - . 

(ii) in!rxjduc:ng a test compound to iiii5ir--L»-rv' ] 
(c) coaipuring the ai^cociation of the f^spofScr -':;!^ the n-:zrTJ2:::r\o !n Vr.z 
presence and absence of the test compound, 
•vh'^-'^!rj r^errr^^^e In ':»s'^f^^*n*^'"^n of "^-^ r^^ortor ^^"^ rr^orr^r-^'^-* ■p^Mys,..?.^^ 

intrr-*?]c;Mon the? t'7*!:t r-^r^poun^ *- - "-^-f j - . 

cn!f?!um Ion influx. 



In this aspect of the invention caiciuit) influx into iu^ ceii siiinuic.i,^d c.,..; .mOu 

exposed to the test compound during calcium Ion influx and tho rate of 
dissociation of tlie reporter from the membrane verses the ratS; Citzar^^ in a 
control cel!(s) not exposed to the text compound is as^ssed. 



Abo provided is a metflod for iderrtiiylng a compound tiiat modulates calcium 
Ion Influx comprising: 

<a) providing a eukaryotic cell having a detectable reporter capable of 
translocation from the cylosol to associate with the plasma 
membrane in response to an influx of calcium ions, 

(b) providing a control by monitoring association of the reporter with the 
membrane while incubating the cell in conditions that stimulate 
calcium influ9f, 

(c) monitoring association of the reporter with the membrane white 
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0) incubating the cell in the presence of a test compound, then 
Cii) incubating the ceil In condition© that stimulate calcium influx, and 
(d) comparing the association of the reporter with the membrane In the 
absence and presence of the test compound ^ 

the membrane in the absence of th-3 te^^.t compound indic-nt'TT.'s t!.:>l tho 
compound modulates o?»lciiim influx. 

inhib?f:$ calcium ion Influx comprising: 
15 (a) providing a suksryotic cell having s> r*e+«ctBWe r^annH-er c«?p?»bte '^f 

t^nn^'^location frorn the cyto^^ol to n'---'-.n'-*^'\ ^""^h t^'=5 ni/^^*^.*^ 
membrane in response to an infkix of c^^iciiim ions, 

(b) providing a control by (rjonltorir:^ — .-••-^'-.r - - 

membrane wiiiie iricuuauf^g ih& c:-M I: c<...J,.C,^,\:» il^^i ^Liu;;^,^*:^ 

(c) monitoring association of the reporter with the mem bfcrne vvhile 

(0 introducing a test compound to the Incubation rr.i^ft'jrc, thon 

(li) incubating the cell in conditions that stimulate calcium Influx, and 

(d) comparing the association of the reporter with the membrane in the 
25 absence and presence of itie test compound 

wherein a decrease in the association of the reporter with the membrane in the 
presence of the test compound compared to the association of the reporter with 
the membrane In the absence of the test compound indicates that the test 
compound Inhibits calcium influx. 



p. 16 



30 



In thie aspect of the Invention the cell Is incubated with the test compound in 
the presence of calcium ions before oaldum influx is stimulated. 
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In methods of the invention ft is preferred that the cell (which may be a cell or 
cell line) is a mammalian cell. As used herein the term "cell" encompasses both 
cells (primary cells) and cell lines. Suitable cells include CHO, Cos, Jurkat-T. 
HcLa. PC12 or HEK293 cell. 

are those coaditiuns generally u;;.>d fc-r v/hr-o c:.;!! Ti^r :n 

specific embodiments, COS~7, H£K2^3 r!rd ! c^\]s -^r-^n^^l^-^^+V 
transfectecJ with GFP-CAPR! plasmM D*^JA usfn^ Lfnofactr^mlne (G\?:CO BRL) 

::; •. tr^n^f:^.:^':^ r:.-:;:- * /''-.-^^'^ ........ 

5.4 /< K: KCI, 1.6 nuvl MyC12. 3 jnM r'.-J IO"-*. 0 : -» ! --.-"^ " - 

r:-..M IIUPEG. pM T.-l) or 'Xli bufrcr (I'' ;r" '[rr""*^-, rr"> ^.7 ~" 
10 mM glucose. 1.2 mM KHaP04, 4.2 ^^F-"^03. 1.2 mM CaC!:, pH 7.4). 
15 For Ca^*"-free conditions CaCb can be replaced with 0.5 mM EGTA. To deplete 

in!:ac;ci!iu!£r Ca^* stores prior to a&Sr^r''. r--'* -.-qm' '' ''"'^ »• "-v*^ '-vr..-»r: 

to sustained SOCE across the pJasm^ rnemb'-nr'? and i^.^«„i^„^*i..^„ 

minutes (volumes relevant to 22 nun co-orslipi c*.id Jiulder), Adu;L.\^»i ^.f 5 of 

20 CD^^'^on^i^fnlng I'nsdia cc*''.(::^'2g '.v"^-' — ;-*-y ^= u.-» -i.... 

membrane. 



P-IV 



To stimulate calcium Influx, an agonist such as histamine (HeLa; 1-100 mM)) or 
ATP (HeLa, HEK293 and COS; 50 |jM) can be applied by bulk addition (rapid 

25 mixing of 5 ml of agonist in appropriate Imaging buffer e.g- EM or KH buffer as 
above) added to 2 ml of buffer containing the coversllp with vacuum line 
attachment to maintain total volume of 2 ml). These agonists activate SOCE 
and/or NSOCE. Histamine stimulation of HeLa cells can lead to sustained (>15 
minutes) translocation of GFP-CAPRI to the plasma membrane at 

30 supramaximal agonist doses. 
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Live imaging in low throughput format is suitably performed at 25**C or 37°C on 
an inverted microscope (Nikon) attached to a PerkinElmer LCI or RS confocal 
imaging system. 

c^Wiium channel Suiti^itly, 3 ueHu:; isl in ::^nv^thcJ irr. :i \: trp:;M:. : ' 
channels solected from the group rr^rriprfcfn^jj: TRP f^'^Vy r^:::?rr*«f«, vo'^*^"'*- 

H'^esen*- in the nativo ce!!, Py '^ecHpr^^^aM'/ rf rr'^-nt **^'=»t th'^ nh-^nn-^f 
15 channels is/are expressed from nud^ste 5ioId th^i ha*i b^en introHijcod info th^ 

jf.J is cither st'nbly integf- le^ fntc if'-: — ^ 

. , • ? - '-v - ' -r v., «i r - .U ..*^t- " ?' - \ 

detectabte reporter. In certain emboriimcnts of the invention, the de*ec^^*:l3 
reporter is a protein expressed within the cell. The eel! can be engineered to 
expn&$3 tha detectable reporter protein from stably integrated nucleic acid or for 
ectopic expression, the cell can be stably or transiently tnansfected with nucleic 
25 acid encoding the detectable reporter protein, suitably the nucleic add encoding 
the detectable reporter protein is comprised within an expression vector. 

In alternative embodiments of the methods, the cells do not express the calcium 
influx sensitive detectable reporter and instead, the reporter is introduced into 
30 the cell for purposes of conducting the assay, e,g, by permeabilisation, by using 
lipid reagents, or microinjection. This embodiment can be useful with ceiis that 
endogenously or ectepfcally express an ion channels) or a receptor(s) that one 
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desires to use in the assay. Thus as art alternative to expressing the detectable 
reporter within the cell, the detectable reporter can be Introduced into the ceil. 

In preferred methods, the detectable reporter Is labelled with a fluorescent 
S rn<5'ki=!r. 

A suitablis detectable fspDit^r ]■,) txj'.Ii.do v.hi;-.' iho i;.pc-.ii,- u 

2ypr3ssr-d within the ce!', or in r^-^'^'^-''^ wb.'^rn *bn n'^'^r*^'^: W~ <v*^'-.n^<nr--f f^>*-^ 
fhs csH is a protein cliimera havirsQ <» 



p. 19 
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a wild type, enf^anced, desin^bifised ?;nf- -ncc-d, or-c-d shift fuor^'?- rr.t prof- 

an u.'l.-3rrr.l!va to usinj a sirj!:: H-Jor.. .I..".-. • -' 

r^'^jonotncs orf^rgy tr-^r-'-'^-^r (Fr^^tT) r^*"*-:/' i.-v««« «m^^.w. ..... i, 

FKi£T b^lvvaen a piasma inernbrdiic .^.^alised fluorcpho. ^ a..^ ^ 
having a lipid group or transmembrar^a prote 

and having a YFP-CAPRl or CAPr.! cicrlvaliva rcpcrLcr, tlie vr? C.\rr.: c^..-; 

endogenously or eclopically expressed within the cell or Introduced Into the cell. 

Other suitable detectable reporters are those in which a calcium influx sensitive 
25 reporter protein moiety is either expressed within the cell, or introduced into the 

cell and the reporter is labelled in vivo, i.e. within the ceil, with a fluorescent 

moiety which is intnsduoed Into the cell Such detectable reporters include: a 
detectable reporter in which the C-temiinus of the reporter Is fused to '^^'*°hAGr 
(0«-alky|guanlne-DNA alkyltransferase) which » fluorescently labelled following 
30 a reaction with 0®-benzyIguanine fluorescein (BGFL); and a detectable reporter 
in which the reporter a tetracysteine motif is added to the N- or C-temiirus of 
the reporter and to which a bi-arsenic fluorophore is covalentiy linked {'FlAsH 
labelling'). 



10098588 23'Har-04 01:12 | 



23-r'lfiR-2004 142 10 FROM MARKS & CLERK TO PflT OFF GB P. 20 




15 

Other fluorescent detectable reporters cannot be expre&sed within the cell, but 
are suitable for use in methods of the Invention where the calcium influx 

sensitive detectable reporter is Introd'.'ced into the cs^f! for e:<<\rr*;?'* p .^Af^ar+nhia 

a s:maB Ctfjf^nic fliJorophorej e.g. f!Hrvrc>'?r»in or rhnd^rp«'n?a: or ^ r»f rr^ntum Hot (Q 
dDl). 



In a preferred embodiment of the invention, the r-pc-t-rr h hbc'Jed vvll!j 




Tha aba of the dot de^tsrminea the colour ::;:;t > a 2 ;,,.r^c:Tict: I.! 



15 emits green light, while a 5 nanomolro dot emits rsd Hgh^ The ropoil:.r ccn 1: j 
Jirvii^iiy bbo-iieiJ v/itb lite vjuc*.ilu£u . .,J it/,vv..! '..^ . . . '," 

• -.4 , * . : " : . • • .!'•.'• - . . . . . ... 

• ''I- . ' • 

biotin-Iabelled quantum dot can b-ii inLrcd-c^d ihl:. 11. j ccK. 

In preferred methods the detectable reporter is or comprises CAPRI, or a 
derivative th^eof whfch is capable of association with the plasma membrane, 
2S labelled with a detectable marker. 

A CAPRI reporter according to present invention is generally applicable for 
detecting and measuring calcium influx of calcium whether by fluorescence, 
lumlne&cenl or other detection techniques, depending on the detectable marker 
30 employed. 
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In preferred methods of the invention, the detectable reporter te or comprises 
CAPRI, or a derivative thereof which is capable of association with the plasma 
membrane, labelled with a fluorescent protein, e.g, <3FP-CAPRI, 

mutated and/or tnincffctftd CAPRI thpf c=int^h^ of ^r^^-?r.^^rH-5n ihe ol^-^-^nv-i 
membrane. A CAPRI derivative is suitaLly a nvj\:x^-d CAr,"'.:, : rr/.-f • !'-n 

such that It no longer acts a?; a Rn^ GAP. A r.rjit-^hln rnutnnt H?=irfv'r=^tiv« of 
CAPRI IS R473S [2], this derivative 13 adv-^rjtnufrC^up. hocv*^**-;^ it tr-nr!ocr?t?s to 



P-21 



■f — .-V t 



15 Other CAPRI derivatives usef»'I as r-p--^--" -r"^•t^'^•^'' '::'f f-v..^v^*?^^ rr.-i,.^^ 

: • • ... , Ot. 

..-rivatives for us^ in u;utr,..U5 oi :.. : . z-,. dorn:ifv.: 

-.A j_,„ r—y - . ^..3+ . , , . . 

plasma membrane. Thus a further LaafuJ CAnf! do.ivijjfvo Is a tr'Jn--*:-; 
derivative of CAPRI that is or comprises la. :dcrn C2 domain C2.". C2::, 
1 to Leu 276 or CAPl^I), and In which the domain(s) may b& in wild type or 
mutated form. Individually, the single domains of CAPRI have not been fbund 
25 to be suitable for use as neporters in methods of the invention, as neither the 
C2A (Met 1 - Giu 141). nor the C2B domain (Glu 119 - Leu 275) will 
translocate to the plasma membrane in response to an Influx of calcium Ions . 

Fluorescent protein chimeras comprising CAPRI, or a derivative thereof whfch is 
30 capable of association with the plasma membrane and a fluorescent protein, 
e-g. gi^en fluorescent protein, can be used as geneticaliy-encodable reporters 
of Ca^ influx, suitable for use in methods of the invention. 
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Constructe encoding the CAPRI reporter can be transfected into cell lines by 
standard techniques e.s. electroporation, Cb^* phosphate, lipofection, gene 
gun. Recombinanrt retroviruses, adenoviruses or lentiviruses can also be us^ 
to introduce genetic material enoodinrj thR reporter CAPRI fntr» cells hv 

antibiotic resistance gsne carriud I// Ihi v.:::':.^^ c---r; pa;'..:.:„ .;. -i;^ f:-- 
snlection of transformed cells. 



15 



can be exprsssed within the cell or introduced Into coH. 

:ricc!;j:!atc3 ccfoiiirn son Influx ccmprr'^.^- 

thereof which is capable of transiocation -.o -r^-i r r.5o?'"ricn . : 



(b) incubating the sukaryotic ceil in tho ..f u l^:;t 001^^01:11 J, 

i^u). iiiutiiiuuiiy fiyuftiacence II ic? 0^.11 wjlus^vl ^it^j/^i i^Iaoins:^ 4*iwi..Li^*i^, 
wherein a change In fluorescence in the cytosol and/or at the plasma 
membrane following addition of the test compound 10 indicative that the test 
25 compound modulates calcium ion influx. 



The invention further provides a metliod for identifying a compound that 
stimulates (agonises) calcium ion influx comprising: 

(a) providing a eukaryotic cell expressing FP-CAPRl or a derivative 
30 thereof, which is capable of translocation to and association with the 

plasma membrane, 

(b) incubating the eukaryotic cell in the presence of a test compound, 

(c) monctoring fluorescence of the cell cytosol, and/or plasma membrane 
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where^In a decrease in cytosolfc fluorescence, and/or increase In plasma 
membrane fluorescence following addition of ttie test compound is Indicative 
that trie test compound stimulates (agonises) calcium ion Influx. 

S A?r.O pro\'!d.nd h B method for Sd-^ntff.''-^^ CTT^nnnnrf fhof ?nh!K*-7 /^^r^^'^^-^rv[<=y«^w> 

(a) providing a eukajyotic ca)i expr-:::.;' FP-^'^'^p? or ?• J-^:--)!-'"^ 
thereof which is capable of translocat?on to and associalion with the 
plasma membrane, 

.^nr^^;*^*.;^-, ■n,.ySk-^..i.^rtfi-.-i f r*'-^l' ^^^^•--.r»r^f *,^rl/^r ^f-^r-*^*, ^^^^t^^^y^^ 
^^^-^.^r?^^ flj,^^^^^^^^ ^l^^ ^^,1 ^,^^^^1 ^^^f^^r ^.|«^^^ ^^^I^^HVfn^ 

wh'=^r9in an increac'^ in cyto^olic flfior'^^cnnc'^ ;>nr!/or n decir^a*^ in p'^^rr*? 
15 membr?>ne flucrescence following ac'dition of thn ter>t mmp'^vn^ '^^ ?ndir^t?v« 
ffrjf tho Jext compound inhibits (nntnQonf*::^*^.) ca?r'M«^ i/^r* ^^f'^- - 



p. 23 



(oLiniuici^v^s) ?::u{jiuiM ion ini,ux Cv^n^}^.!:^:.: 

thereof which is capable of translccDthn to v.n^i :»r;"-r>r:fr:Mcn 

(b) incubating the eukaiyotio cell in the presence of a lest compound, 

(c) monitoring fluorescence of the cell cytosol and/or plasma membrane. 
25 wherein a decrease In cytcsoHc fluorescence and/or an. increase In plasma 

membrane fluorescence fallowing addition of the test compound Is Indicative 
that the text compound agonises (stimulates) calcium ion influx. 



An advantage of the methods of the invention is that the sJgnal following 
30 calcium Influx is prolonged, so that the signal can be readily and reliably 
detected by automated instrumentation. 

The present Invention advantageously provides for the use of Instrumentation to 
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detect fluorescent or luminescerit signals from cells. In preferred methods the 
detectable marker is fluorescent and monitoring is performed by f iuoreeoence 
mioroscopy. Fluorescence mferoscopy can be perfomried using wide-field or 
total interna! reflecjtion fluorescence mii^roscopy fflRF) or fluorescence Irfetimf? 

5 im?"\^iria ur confccal imaninn. 

In iniithodsi of the invenUon, c^ilj :.u«;, j [to :!iJ:.'ro::::-r.t r",;::>t..." V : \. • ^. J 
live, or fixed at e given time point, but prefer ?»b!y celte are Imaged live, cells^ are 
preferably monitored U$ing a HT imaging device, e.g. Am^r^ham WcM 



the reporter will"* tha plaoma membrane c-^d/or decrcsco of -aportar \\\ tht:^ 
15 cytoool CQn be assessed using any s?;'lcib!~^ ahorilhrii or w^uDLicn, u;"; ok^s.t;:;^ 
is by cali^ulaSna the reSative tran^iacalicn j.. 'I TLTj) ..t ' , : * 

tims points, wherein Fo is the fluore'srre.nr? 'n ? r^Q?'^r!(^) xr-^^p^^^ ^ ^,^^^^1 

a. r -rp* ./na ;:i-ml.:iifi-) A? - --^ ; . 

iegion(s; of irut?ie^?L a l^il^sr t»t»c5 pwi.-. 

:o 

Durif^g monitoring, readings should mi^do us Oflan .15 pcr^Gib'o, id..:..:]y ...1 
ifkter^'aEa of Icgs than 10 secondc; the length of lime ovar \vhi::h rv:^r}\z±'.z 
performed will vary with the nature of the channel bein^t analysed. Monitoring 
may be performed for time periods of from several seconds, to up to an hour, 

25 Suitably, readings may be taken every 5, 10, 15, 20 or 30 seconds over time 
periods of 5, 10^ 20, 30 or 60 minutes. The frequency of readings and time 
period for monitoring can be experimentally d^ermined and readily optimised 
for a particular assay, i,e* for particular cells/ion channels. For example, using 
HeLa cells stimulated with histamine, readings are taken every 4 or 5 seconds 

30 for up to 15 minutes. 

Monitoring can be peribrmed by measuring cytosolic fiuoresoenoe over time as 
assessed by calculating the relative translocation parameter at one or more 
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time points, 1-Ffcy, JFoe^, wherein Fot^t is the cytosollc fluorescenoe fn the region 
of interest at the start of monitoring and l=^tovt is the cytosolic fluorescence in the 
region of interest at 9 particular time point A decrease in cytosolic fiuoreaoence 
results In an increase in relative translocation parameter). 



5 



|l t,-.H.. •. H<5 >H.^ jj.'i^j^ C'r'"^ 



JMany functional assays for calcium signalling ar$ tormed "flash" assays 
because they are Instantaneous and tr^^npient n<> ih^y s*r^ comp»*t« "/Fthin fow 
TO s<«Ronds of the calcium ion fnfJiix r>?"Tii..^. i^r^,...,^.^.r ;„ ^^^,,1^^^^, 
rafnium ion influx can be defected fnr 
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The Invention 5s advantageously empfoved 'n v/hnh r«|| f •nrtiO'^^f a!?*^^-'*^ 
15 h^gh throughput ??creenfns ^'^^•^ys fnr r^^i^j,,^ ^^^^.^n;^^ c-^W"^ 

read bv conventional Diate readers. 



25 



20 mflux modulators, for examp^-? !n 05. or ^'^■'•'^n rr^Mi^r- ^" . ^ ..Mn.^,^ ^i^.^ 

formnts. In a preferred embodiment, th- 32:;Civ i-. --.-..^.-^-..f ^ --^.it; „f,.f^ 
formM anri f»n fnofrnment f*$ »}9ert f?>r m'>nrt«r!n^ ?n o^^k v/«i!. th- rv,.,HK..,!i 
plates can be handled over an extended time period because Of the extended 
time period over which calcium Influx can be detected. 



The invention provides methods for identification of calcium channel modulating 
compounds, preferably in high throughput screening (HTS) fomiat, using ceiis 
having a reporter derived from the protein CAPRI (e.g. fluorescent protein 
lagged CAPRi or CAPRI derivative) which is expressed by the cell or introduced 
30 into the ceil. 

In a method of the invention, cells expressing a fluorescent profein^APRl 
reporter (FP-CAPRI). or a derivaHve thereof ei^ incubated in the presence of a 
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test compound, the effect of flie test compound on calcium channete 
(biock/activaffon) can be detected using FP-CAPRI as a reporter for calcium 
influx; with translocation of the CAPRI reporter to the membrane and 
maintenance at that locus being Indicative of influx. To detect compoitnds that 
5 block Influx, the cells are subjected to a calcium influx stirrnjlu^. 

U\ pr$f^rred method of the invanticw Cfr C/.: r.l \. . /: 

lines of interest can be cloned to stably exprei^^ thU reporter, ellow^ng 
consistency belweon experiments. Tr?.n*!;!<^C'ntfcn spcciftra'^/ r^nsitiv^ 

point (biit preferably live) preferably i:cinn ? {T Irnao^-^ dyAco, r*.:;, Ari2r::!-:rri 

TbB nr>ethods of th's Invention ars H p'^'Q f*-. rr-J -^^'^y f^-^^^z A.;sif^;t»rv> 

ion ch'jsnncJ blod.'jrs. The rnclhod -'^•V! *; j p- ----- - m. ^ »... 

23 

iVtcJUiuus of the iiiveiilion ar<^ Uouj^lly paifw-fiuoJ ^L^wii iliai Ilia ^oIIj tuw 
"iucuLialcd tlvcrU^hciut the: n-scSiod in nUJiJ* c^IJujv^ ic.:^. 

In some embodiments of methods of the invention cells are initially incubated in 
calcium-free media and In the presence of a compound that enhances the 
25 release and/or leak of caldum from the tntraceltular store prior to exposure of 
the cells to the test compouiiid and/or calcium influx stimulus; in methods that 
employ this treatment calcium Is then added back to the incubation so that 
influx can be detected. 

30 
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List of Figures 

Figure 1, Molecular architectgre of CAPRI and RASAL, with percentage identity 
between RASAL and CAPRI rndicsted. Each protein cons-sf^ of C?A r*^^ ^'^^ 
5 domain^^, a central Gy^P-^^!a^^r^ dn.T,?^?.'! {OPn\, nrd n r^^^r->\^^rA.. 



Figure 2A, Relative translocation pammctc^r Zioh irr-^---. k,^.m,.....^.,....4 
corrected prior to measuring the averago pixj\ [..Itinoily c, r;?,\-r. ' -f 



30 



, . ^ ... I f . 



r-iaur^- '23, Traiislocation of CAPu! and RACAL \a rc^cponz.z b IZO j^M 
15 histamine stimulation of HeLa cello. Thae (0 -= ;.^cOi^da ;:;rL.; I.:^!^;^;:... 
sciinulation. Trai isiocation of GrP-CrRJ i.. sucsbl.j^ J , ; ... ; ^r^. .:, 
transient and cscJIIzfory :n par^lb! rlmcr^tr. 07*^ ^"r" . 



20 witfi an acquisition rata of 15 frjir.oj'- ', •■?. :. * r.- • ' 

of 1 second per image on ttji» PefkiuEiirier CvufOuui 

Figure 2C Kinetics of CAPRI and RASAL translocations. RASAL {bottom) 
oscillates between the plasma membrane and cytosol in phase with cytosolic 
25 Ca^* oscillations [41. Average n=3 cells, in contrast, CAPRI (top) never 
oscniates in phase with repetitive Ca=* signals in the cytosol. Instead, 
translocation to the plasma membrane is sustained. Average n=7 cells from n=6 
experiments for 100 histamine, n-5 cells from n=3 experiments for 10 m 
histamine. 



Figure 2D CAPRI and RASAL translocations in COS-7 cells stimulated with 50 
jjM ATP, The rate of RASAL translocation matches the release of Ca^* from 
intracellular stones. In contrast the mte of CAPRI translocation (grey line) is slow 
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and more sustained. This is likely to rofiect the fact thai CAPRI, operating as a 
Ca^* influx sensor, is sensitive to the latency of SOCE/NSOCE induced by 
purinergic stimulation in this csell type. Experiment is an average» of n^B cells for 
GFP-CAPR! £!nd n=9 cells from 2 experiments for GFP-RASAL. Method?? for 

Fisurd 3 Represenlutive tracc-ii -^r T.v- -r,J Cr? ^ - . . 

cxcitaHon on!y (non-ratiometric) to tr^frk ^hsng*^- in r-^'t-^— ijjo orr^* 

genoratos siriuoo'da! Ca^* oscaiatiorc c b?'::? C-^®* ^^fke-?. -^aoo? \^ 
refractory to repetitivs Ca^* signals unll'-^ PJ^.SAL [t] '.vh'Gh sntir-^ V rnp^rr-^nf 

ss!^.r».rtL r^Aooi \^ Qor^rr rsco r^.^.ooi /m-*^*' +r•-:^*-^ ^n-^ r^ro 

•* ' ' ' - . . . ^ . , . . 

F-v » /-V ^ > y ,f....,^ . . ,7^^ !»-trn i 1-^ ,,.-tl. H . « # H., ...-,T,^ 

;i 1 „ i I ii . i i . . ^ w »ia - ,t « iiH i:i i'^ I iV - vi - ^ ^ » . i , ... . \ 

(1.3 rn.M CaCl;i Khi buffer) was addcJ '^y bulk aJ-J::.'.-,!. li.. per:; .' ZrJ. r.\Z.\L 
takes to fijlly dissooiatfi from the msn-brans CAPP.! ascsdatscn Is rr.r.ir.lrJ'^c^ ''.y 
store-operated Ca^ entry through SOCE channels. Methods as Figure 2B. 



25 
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Examples 

Example 1: Ca^* influx assay using a genetically-encdded fluorescent 
reporter - translocation of CAPRI and RASAL In rQ<tponse to aigonlst (100 

ccvcrallp^ ia G v/cii Ucswv cv^M --^ - "^y '^'^ ^-17^ 

confluence within 24 hours. The fc!!::vvin3 do/ (r"5p.proy5mf?^^Jy ?.i ^^^^t; '-:**^r> 

'"^'"^ /^-..^.^ 1,,:-.^ -p>...'.-f- ^R.T-,^^f.\ » ^ 

After 24 hrs incubation in transfection tvlx (^omp'ete r-'edia pfiis tr-^nc^^rr+s.^vi^ 
m! of KH buffer (10 r»)M HEPES, l-iS r,-.' ! b'r^' 1 7 :r.»,' -v"^' - 

* "» ■ ' • - ^ . 

2x2 binr.iiiy. using a PerrkinEiirH^r RS confoca! sya:::.": '.v;::; a ■ill'Z :,;;[ ;u;; sr V.AC. 

Rapid mixing of the agonist histamine was achieved by bulk addition of 5 ml of 
37"C KH media plus histamine, with a vacuum line maintaining a maximum 
25 volume of 2ml within the c»verslip holder. 

For calculation of the relatrve translocation parameter^ each image v»s 
background corrected prior to measuring the average pixel intensity of a given 
region of lntere$t (ROi) corresponding to >10% of the cytosolic ar«a (see Figure 
30 2A). The Relative Translocation <RT) parameter was calculated. RT = 1-Ft/Fo. 
to provide an indication of the translocation of the GFP-CAPRI orGFP-RASAL 
chimera to the plasma membrane. 
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Translocaiton of CAPRI and RASAL In response to agonist stimulation of 
calcium influx into HeLa cells using 100 |jM histamine is shown in Figure 2B. 
Time (t) = seconds after histamine stimulation. Translocation of GFP-CAPR! 
and maintenance at the plasma membrane Is sustained, whereas GFP-RASAL 

S is transient end oi^cillMory in p?=»r?!!el .^vp^rim.*n*r.. O'^P-CAPR? ^f^fo^+nh'-^ 

^u., -...^ , .v^r''.*^.:*«»-'i x-'if ir:i l • ']') " - i* • 

» , , ^. - . ...V ]r ' i-r . • . I t ' « , * . . . . . • I , 

exposure iime of 1 s^^cond per fm^f;^ on the PerVln'rlm^i^r r'<^^fo'^?.l 

whifih the rnfativ^^ translooBtfon p^^r^Tio+ar !«t nir'**'^^^ -rrrt-^i-^^jif ^'t***. c>^om 
(bottom) oscillates between the plasma merrbran?? ^nd cyto??ol !n ph?**^ v/ith 

. -v-r c-c""-tes in phase with repcllUvo OJ* Ju- • ' "'. ' ' " 

refease calcium bns from the intr3ccn»,:'nr g*^'"'^) r^-? rshovvn In f'----: ?0. "^'•-•^ 
nate of RASAL translocation matches the leleas^ of Ca^*^ from intracellular 
stores. In contrast the rate of CAPRI translocation (grey line) is slow and more 
25 sustained. This indicates that CAPRI, operating as a Ca^^ influx sensor, is 
sensitive to the latency of S0CE/N80CE induced by purinergic stimulation in 
this cell type. The experiment is an average of n==6 cells for GFP-CAPRI and 
n=9 cells from 2 experiments for GFP-RASAL. The methods used were as 
described above. 

30 

Representative traces of sequential Fura-2 and GFP imaging of HeLa cells 
eaqsresslng GFP-CAPRI over 600 seconds (top) and 330 seconds (bottom) are 
shown In Figure 3. Fura-2 emission was monitored at 380 nm excftotion only 
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(non-ratlometric) to track changes In cytosolic Ca=^ concentratfon, expressed as 
the inverse change In fluorescence Intensity at 380 nm excitation (black lirte). 
GFP-CAPRI translocation (grey line) is expressed as the Relative Translocation 
calculated as above. Application of 10 ^^M histsmine gen«rat^$ sinufsoidal Ca^"^ 

Capri sensitivity to SOCE is shov/n in nsur- 4. In this :v.!U:;ac'; ?r:;l" -nj I- 

- . u jvJ 4 i iuu * . J J. - ' , „■ • ^ " . 

" r " - ^-^ , ■ 

w.w .^L*»A (ncrrnnalfy zorc Otr z^.:'z''" ^ ""'--^ 

seconds. 5 ml of KH medla/1 mM fhapsigargin (1.3 n-M CaCii KH bu^z.) v.a^ 

ruaoinyo takc;n every 5 seconds for up ic 1u minu.^.^. w\ .' • * ' ^* m 

'.:.!::: : i!!/ f—rn .-p.:-;:;';.- ••■ CAP*^' ^ ' ■ - 

C; ;.! C;v* s-n'.y thrcur; -> .. . -i. . 
biocka rdeaae of calcium ions from LU^ ji!;^:^.- ^..^. j j.^, 
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25 



Example 1: Scrcaniiia to defect a i^us^tJr £i..L.^UiiLi uu.-^^i^iu.vJ. 

The day before transfectlon COS-7. HEK293 and HeLa cells are seeded onto 
22 mm glass coversllps in e-weB tissue culture dishes at 8u<ih a density to reach 
60-80% confluence within 24 hours. After approximately 24 houre, COS-7. 
HEK293 and HeLa cells are transiently tranafected with GFP-CAPRI plasmid 
DMA using Lipofeclamine (GiBCO BRL) or GeneJuice transfection reagent 
(IWerc*) aceofding to manufacturers inshuctlons and incubated for 24 hours as 
30 above. TTie cells are incubated with test compound In EM buffer (121 mM 
NaCI. 5.4 mM KCl. 1.6 mM MgCI2, 6 mM NaHCOS, d mM glucose. 1.3 mM 
CaCI2. 25 mM HEPES, pH 7,4) or KH buflfer (10 mM HEPES, 118 mM NaCI. 
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4.7 mM KCI, 10 mM glucose, 1.2 mM KH2PO4. 4.2 mM NaHCOj, 1.2 mM CaCb, 
pH 7.4) for up to one hour. 

To stimulate calcium influx, the agontet histamine (HeLa; 1-100 ;jM)) or ATP 
ml of the carre3po«"iding EM or KI ! 1.-'';^ w..;LJ,*:..\i 11;^ C'j\i>:J^^ . - 



J system (INcell Analyzer, Arnera^hafn 



dov,^nstruam of llie CPCR Lut upatraairi of C^^* iT'.MLIIlGu.ucr., L Jiw^iL:^ 1!*.; 



. I, , I ,4 . , , ^ . ■ - . . , ' r t « 

20 or RS confaca! imaging syc^ern. 



Exampio 3: Screening for SOCE channel inhibitors. 

25 The day before transfeclion COS-7, HEK293 and HeLa cells are seeded onto 
22 mm gla$s coverslips in 6-well tissue culture dishes at such a density to reach 
60-80% confluence within 24 hours. After approximately 24 hours» COS-7, 
HEK293 and HeLa cells are transiently transfected with GFP-CAPRI plasmid 
DNA using Lfpofectamine (QIBCO BRL) or GeneJuice transfection reagent 

30 (Merck) according to manufacturers instructions and Incubated for 24 hours as 
above. 
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Prior to Introductfon of the test compound, cells at^ stimulated vwth 1-5 pM 
thapsigargln in 2 ml Ca^^-free media for 5 minutes. The cells are then 
incubated In the presence of the test compound for up to one hour. 



p. 33 



during and after Ca'** addback. by buFk addition of 5 ml of EM or KH bv^^r 
coverslip. A vacuum iine attachment v.-^a used lo n-.alntaiu total vc^lur;.. wfZ 



minutes 



r -rnf-?-:! !r:r2[r- r^-- -':--- — r ^.^^^...i. 



25 



Example 4: Screening for SOCE ch'innal inhib!* - 



The day before transfection COS-7. HEK293 and HeLa cells are seeded onto 
22 mm glass coversllps m 6-vuell tissue culture dishes at such a density to reach 
60-80% confluence within 24 hours. After approximately 24 hours. COS-?, 
HEK293 and HeU cells are transiently transfected with GFP-CAPRI plasmid 
DNA using Upofectamine (GIBCO BRL) or GeneJuice transfection nsagent 
(IWerck) according to manufacturers InstrucKons and incubated for 24 hours as 
30 above. 

The ceils are incubated with 1-5 |jM thapsigargin in 2 ml Ca^-free EM or KH 
media for 5 minutes, Oa^ addback is then can-fed out by bulk additton of 6 ml 
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of EM or KH buffer (as appropriate) containing Ca^* to the 2 ml of 
corresponding Ca^Vree buffer containing the coversHp. A vacuum line 
attachment was used to maintain total volume of 2 ml. 

Live imaging is performed lit 25'*C or 37°C bf?for^, dunpn nnd aft^r ^i-^-^ftlon of 
PeikiuZiii'ier LCI or R3 confc-cal uii^^;..y, ^j^l-.v.. !"„„.JI, L.!.j,', .v*:. 



An incrsase in tl^iG rate of GFR-CAPH! ^'::^c:r7dsil"-:n f:'^m the rromhrans 
the test compound. 



20 

Genebank accession numbers for CAPRI (R;^SA4) nra MM OCCggO sxnd 
AYG2920S . Genebank accets^ion n*jr. !:c;r for P."\S,U. ?^ M'^' nn^r^r^ 



25 
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CLAIMS: 

1, A msthod for detecting influx of calcium fons Into a eukaryotic ce!! 
comprising providing a euk^rryotic cell having a detectable reporter capable of 

detectable reporter with the pl^iCuVic o a c^v : i.^ z 

Li^lculable reporter id Ihc cyLo:.oI. 

response to an influx of caJuium ions, 
(0) providing a stimulus for calcium ioflux. 

(d) monitoring associatfon of the det^c*'-''^''? ,,.t+i^ i.^^ 

rr.'>rpbr?nne arrVor a deore^ne in th^ 

3. A msthod for identifying 3 compound cr-rnh'^ 7* .^-.-..i .r^*!..^ ,f 
caiclum ions Into a eukaryctJc call i^C(r\];.r\:;[A^: 

»• * • » 

translocation from the cytosol to associate with the plasma membrane 
Hn response to an influx of calcium ions, 

(b) providing a stimulus for calcium influx, 

(c) Incubating the ceil with a test compound, 

<d) monitoring association of the detectable reporter with the plasma 
membrane and/or a decrease in detectable importer in the <^6oi. 



4. A method for identifying a compound that modulates calcium ion influx 
comprfei'ng: 
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(a) providing a eukaryotic cell having a detectable reporter capable of 
translocation from the cytosoi to associate with the plasma m^^mbrane 
In response to an influx of calcium Ions, 

(b) as a control, monitoring association of the reporter with the membrane, 

gnrfAor \om of r=?r^Drtnr from c^'^o^o! .wh«?5 jr^^rrb'itfnfi the '••'^'l 

(i) incubating the cell in conditions that stimulafa nglcium rnfluy, then 

(ii) introducing a test compound to the. incubatiojn mixture, and, 

?^fir<5nr»!^+ff>n nf th«? p=?^r^<^r+*ir' with th<* iT7cnTnhrr5n*=» s»nrJ/nr In*?*: nf rp*rnr^rft?i.r 

frr^m cytosoi fn the absence of the tes^ corr^^ouM. 
wbArp^in H?ffftr^nc^^ fn the a<5«50Cli9tfnn nf fhp rpp^rter w'th *h#» miarnhr?*T^<a 
and/or loss of reporter frorn cytoj^o! fn th^? pror^oncr^- *h-* ^^r*'^*^ /vy,rr.pr>|}pw 



providing a eukaryotic celf having ^ c^5^f^cf?»h'^ r^r^nrt'^r ^-ih^r^Kia 

membrane in response to an influx of calcium ions, 
(b) as a control, monitoring association of the reporter with the 
membrane and/or loss of reporter from cytosoi while 
(i) incubating the celt in conditions that stimulate calcium infill, 

(b) monitoring association of the reporter with the membrane and/or loss 
of reporter from cytosoi while 

<l) Incubating the cell In conditions that stimulate calcium influx, then, 
(!]> introducing a test c<niripound to the incubation mbeture, and, 

(c) comparing the association of the reporter wrth the membrane and/or 
loss of reporter from cytosoi in the presence and absence of the test 
compound p 
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Wherein a decrease in association of the reporter with the membrane end/or an 
Increase in naporter in the cylosol following Introducstion of the test compound 
indicates that the test compound antagonises calcrum ion influx. 

membrane in response to an influx of cr^lcium Icn^, 

(b) monifnrin/i ?'^r..^oci-'^Mr->n of the rop-f^-..r . '". -i^.-. t.,,.. 

-Tr^;:'.:*::-'- ^ ''-r. f. r,. -, , .-..^,..5. ^ 

• ■ • . 

(r^) '^-yrr.p-rrc :n*'-n '-^thc r-f - 

loss of reporter from cytcsol in the ob::;-r;:;3 ;:^ro: :nco of th". t-^* 

d^f^resr.s fn reporter fn the ct>4o'=:o! f^.f^-^^-f./tr-'^ ..x 
indicates that the test compound 



P-37 



7. A rnethcrj for identrfS'-pg n nor-pci?'- ' , . - ^ 

translocation from the cytosol to associate with the plasma 
membrane In response to an influx of calcium ions, 

(b) providing a control by monitoring association of the reporter with the 
membrane white incubating the cell in conditions that stimulate 
calcium influx, 

(c) monitoring association of the reporter with the membrane while 
0) Incubating the cell in the presence of a test compound, then 

(ii) incubating the cell in conditions that stimulate calcium influx, and 

(d) comparing the association of the reporter with the membrane in the 
absence and presence of the test compound, 



|0098588 23-Mar-04 0"l";T2' | 



23-MfiR-2004 14-. 14 FROM MARKS 8. CLERK TO PRT OFF GB P.3B 



33 

wherein a dHFerence in association of the reporter with the nfiembrane and/or a 
differenoe in loss of reporter from cytosol in the presence of the test compound 
compared to that In the absence of the test compound indicates that the test 
compound modulates caldum Influx. 



xir.pissiVvg: 

(a) provicMrj a sukDTot--. cell ■ ■ — - ■ 

translocation from the cytosol to associate wHh the pla&ma 



/I. V . 
V * <• 



refill in confjwons f^^t ct'^"'?H 

(c) monitoring asijocialion of the reportor vvit^ t;.::r'tr--r,D i^.nd.'or Ic^n 

of reportor from ci-losot vhite 

0) Litroducifig a L<iat conipouiid to a.^ I..:...!-.: -... "i-^r. 
(si) irici:bf=?t5r3 the co!l in conda:or;s '.r-r. . 

(d) comparing the associabon of fb'^ r--' - ^r- . . . .. 

loss of :-epo;'lcf ff-;r> Cyloscl in tl^j cl:--.--- --• «• • ■ -• 

vherein a decrease in the associaLioii of lha reporter with the nicmbrcr.; 



^ ,^ .1 /-.». /ii^ J,- 



compound compared to that In the absence of the test compound Indicates that 
the test compound antagorrises caidum Influx. 

9. A method for identifying a compound that agonises calcium ion influx 
oompn'sihg: 

(a) providing a eukaryotic cell having a detectable reporter capable of 
translocation from the cytosol to assodafe with the plasma 
membrane In response to an influx of calcium Ions, 

(b) providing a contnDl by monitoring association of the reporter with the 
membrane and/or loss of reporter frc>m cytosol white incubating the 
cell In conditions that stimulate caldum influx, 
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(c) monitoring assodaSon of the neporter with the membrane and/or loss 
of reporter from qt&jsoI while 

(I) introducing a test compound to the. incubation mixture, then 

(II) Incubating the cell In conditions that stimulate calcium Influx, and 

(d) comparing the association of tho r^^^t'"^'^ """^ its.-.ivsUi-^.^^ 



p. 39 



compound 

a increase in loss of reporter from cytosol In the presence of the test compound 
msmmaBan calf. 

'^I. A method according H any prec^v'r-*; -y- rr: i^. ^» 

r^o<?. hirkM-T^ HeLa, PC12 HFK^O^? 

detected from the group compriG!r..o: TRP f-rr:"-' chr*-'^-^''- .r 



13. A method according to any preceding claim wherein the detectable 
reporter Is expressed within the eukaryotic cell. 

14. A method according claim 13 wherein a nucleic acid encoding the 
detectable reporter ia stabi/ integrated within the eukaryotic cell. 

1 5. A method according to any one of claims 1 to 13 wherein a nuctelo acid 
encoding the detectable reporter is transiently transacted into the eukaryotic 
ceO. 
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16. A methcxJ according to any one of claims 1 ta 12 whemin Ihe detectable 
reporter is introduced into the ceD. 

17. A methcxi according to any preceding claim wherein tlie detectable 



f . «■ 



delectable marker. 

18. A method according to any preceding claim v/herein the detectable 



rupofter is a CAPRI derivative oornpiising or C0iUisLi»ig of Ih.; 
domstrro, with wild type or mutat&d r: j - '..!v':**/-- *' " : '** 



20. A method according to any preceding claim v;'-:.. Ir; t^:; 
reporter fe a reporter labefled with a f^^r-rf^oc^n^ r*^-».i^.-.^ 



^O./ l-rflti/tf lUlt 1^ U C^^IXUl jr».'i«lH' WrV^lt X.«r\f.#i <lwrU«rf|I 4^ I I \Jt \i I ^1 WrI 1 » <»^4 M « i,t 

derh^tive v\mich is capable of transiocafion to and association with 
the plasma membrane; 

(b) (i) as a oontrol, incubating the eukaryotic cell in &ie absence of test 
compound then providing a stimulus for calcium Influx , and, 

(il) incubating the eukaryotic cell in the presence of a test compound, 
then providing a stimulus for calcium infljux; or; 

(c) (i) as a control, incubating the eulcaryotio cell and providing a stimulus 
for calcium influx in the absence of test oompound, and, 

(il) incubating the euioryotlc cell and providing a stimulus for calcium 

influx, then pmviding a test compound; 

and, 
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(d) monitoring fluoi^oence of the ceil cytosol and/or plasma membrane 
during incubation I'n (b) or (c). 
wherein a difference in fluorescence in the cytosol and/or at the plasma 
membrane in the presence of the t«$t compound compared with that In the 



22. A method for Identifying a compound Uot s^or.F-;:?* cnfoi'!"! ton 'r^-rr 
comprising: 

(■«) nrov'd'nn s, pt iV^«fyot'C Cfs!! arfnrrtc:r'"T rrp./^/; r»r>t or •» FP.f^./inr^i 

and 

v/hiercin a decrease in cytooofic f^^i^^^^^c^n^^., -^p:"o^ ?ncr«'>'>'' 
th^t the test compo!jnd anonfses caHMrn ten '^r^^y^ 



P. 41 



compnsihg: 

derivative which is capable of translocation to and association with 
the plasma membrane, 

(b) incubating the eukaryotic cell and providing a stimulus for calcium ion 
influx, 

(c) monitoring fluorescence of the cell cytosol and/or plasma membrane, 
(d> Introducing a test compound to the incubation mixlui^, 

(e) monitoring fluorescence of the oell cytosol and/or plasma membrane, 
wherein an increase in cytosoBc fluorescence and/or a decrease in plasma 
mennbrane fluorescence following addition of the test compound is indicative 
that the test rampound antagonises calcium fon influx. 
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24. A metfiod for identifying a compound that agonises calcium ion Influx 
comprismg: 

(a) providing a eukaryotic c?ell expr$$$lng FP-CAPRI or a FP-CAPRI 
derivative which Is capable of translocation to and association with 

(c) monitoring fluorescen-De of the coM cy\ r:r^dA.r r;f:^:-.rna .r:-::"-:*:- -r;r 
wherein a decrease in cytosclic fl».*?^.r?C0i*in'^?^-r!^':f/or rnr'"'^'*'^?? 'n pN<:rr-i-!i 
membrane fluore^oer^oe following addition of the test compound is Indicative 
i-hrf the t«"^t compoijn<1 agnn'-^*??; c^!/-'**'^ »'^*^ in^uv. 

26. A method accordfna to anv ovr of nhSm*:; 20 to 24 wherein th5=? 
fit inrCT^r^Tvf^t rr'?.'^,sr is 21 fiuor-^sc^^^^t i«ir-^f-^5vn 

27. A method according to claim 26 where»n th<? fluor^*^c?!in* prn^p^^n is p"'^^ 

28. A method acjcordfng to claim 26 wherein the fluorescent protein in a 
green fluorescent protein (GFP). 

29. A method according to claim 27 or 28 wherein the fluonsiscent protein is a 
wild type, enhanced, destabilised enhanced, or red-shift fluorescent protein. 

30. A method according to any one of claims 20 to 29, wherein monitoring is 
performed by fluorescence microscopy, 

31. A method according to claim 30, wherein fluorescence microscopy is 
performed by wide-field or total internal reflection fluorescence microscopy or 
fluorescence lifetime imaging or confoeal imaging. 
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32. 



A meihod according to any one of claims 20 to 31, wherein monitoring is 
perfomried by measuring ffuoiesoence at the re9ion(s) of interest wfthin the cell 
over time 



asceasc-:? by cafculating the rebliv^ r-'.-^r^-'.-^f 

more time points, wherein Fo Is the fluorescence In a region(s) of interest (e.g. 

cyioGoI onct/or plasma mrh-^brants) iho --'^n --.n:f. ..^^ r-. 

measuring cytosoKc fluorescence over time and calculating' lie relative 
Ft -xvt IS thei cyfoRolic fluoresn^^nc^s In th^ 



point 



OCT ^ , U 1 . 

format 
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ABSTRACT: 



A method for detecting Mux. of calcium ions into a eukaryotic cell conprising 
providing a eukaiyotic cell having a detectable reporter capable of translocation 
from the c^'tosol to associate wSh V'n <:\r:r.r.-\ vf\z-rr-^.r -~ in r-^-.- - ' 

.> . . . ^ » ... , ^ ^ ... 

is preferably labelled with a fluorescent marker. 
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RASAL (59%) 




Figure 1 
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GFP-RA^AL 




Figure 2 
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Figure 2 
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Figure 3 
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Figure 4 



